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T h e  sp-7rr.c st a. t i  c!rI 1 a t ? r a t o r -  y ~ I L I . E ; ~  hsve new kind.; c!f d e s i  g n  f ea-.. 
t ~ 1 . r ~ ~  t o  e n a b l e  it-, new w a y  o f  o p e r a t i n q .  T o  s p e c i f y  + - ! , ~ s e  new 
dc- , i  y n  f e a t i r r  es, W E  rrtuc-t take care to p r o p e l - i  y untler E t . a n d  t h e  npw 
way of o p e r a . t i n g .  A b e g i n n i n g  is t o  compare t h e  spa.ce s ta t ior i  
1a.b w i t h  thE! r!i-ec;er!t Spacelab, as i n  T a b l e  1. 

F t - e p a r a t  i o n  o f  t h e  S p a c e 1  a.b f ot- f 1 i g h t  i s a t i  me--cnnsirmi n g  aper- 
a t i o n .  ( T h i s  is not i n t e n d e d  a.5. a c r i t i c i s m  s i n c e  t h e  Spa.crelab 
h a +  t h e  lcr:.:u.ry of t i m e  and t h e  l a b o r - i n t e n s i v e  i n t e g r a t i o n  a n d  
c h e c k o u t  p r o c e d u r e  E.imp1j.f i e d  t h e  d e 5 i g n .  ) Expe t - imen t  p a . y l a a d s  
a r e  b u i  1 t up i n  s t a n d a r d  t racks a n d  checked out .  Saf t w a t - e  i 5 

w r  i t t e n  f o r  t . h e  5pac .e l  a b  computer w i  t h  a i: i a w  t i  m e  o f  ahc1cj.t 
e i g h t e e n  m o n t h s .  T h e  e n t i r e  pa.yloa.d a s s e m b l y  is i n t e g r a t e d  a n d  
c h e c k e d  o u t  i n  t h e  KSC Spa.c:elab f a c i l i t y  h e f o r e  i n s t a . l l a , t i u n ;  t h e  
e n d  caps of t h s  Spa.celab ...re t - e m o v a b l e  sc\ t h a t  t h e  cowpiet.ed 
a.;sfmbly r a n  b e  e n d - l o a d e d  i n t . o  t h e  Space1a.b s h e l l .  Z n c e  t h e  
a .s t -emtr ly ,  i n t e g r a t i o n  a n d  checkot-i t  are c o m p l e t e d ,  t h e  Eps..c~iat? is  
i n s t s l l e d  i n  t h e  S h u t t l e  p a y l o a d  b a y  ( i n  t h e  C l r b i t e r  F t -ocec , s ing  
F a c i  1 i t y )  , c n n n e c t e d  ta the S h u t t l e  c a b i n  b y  t h e  Spacelab t u n n e l  , 
srtd i n t e g r a t e d  w i t h  t h e  ShL! t t le .  T h e  S h u t t i e  s u p p i i e s  E . i E - C t r i c a . 1  
powei-, t h e r m a l  c o n t r o l  , p a r t i  a1 e n v i r o n m e n t a l  c o n t t - n l  , a n d  com- 
n~i . : . r , ic .a t iorrs  f u r  t h e  SF!a.cela.b; i n t e g r a t i o n  a n d  checl.::c~ii.t mci.st 
e n s c ! r e  t h a t  a l l  i n t e r f a c e s  are  made  a n d  f u n c t i o n i n q  p r o p e r l y .  

c- 

t E. t-' i t .z i ri i t i a, i s.5 5 E IT! ti 1 y i r\ t e g r a t  i un a. r i  il C t~ EC. I:: oil. t ~n t t r  E 

grou .nd  p r i o r  t o  l a u n c h ,  t h e  space s t a t i o n  l k b  w i l l  b e ,  fi-rr a l i  
p r a c t i  ca.1 F)c.irposes.I  pern ianer t t  i n  space. E x p e r i m e n t a l  e q u i p m e n t  
a n d  f a c i l i t i e s  w i l l  b e  b u i l t  u p ,  u s u a l l y  bi! t  n o t  n e c e z s a r i l y  
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T h e  i n t e n s i  t y  of LISP of  1. a b n r a t n t - y  e q u i p m e n t  i E- a. k e y  i s E . L . t e ,  I -f 
a 1 1  t h e  E+qi~.ipnierit  i n  t h e  1a.b were i n  iiSe a l l  t h e  t i m E ; ,  w e  ~~.t i i l i . . i  
n e e d  ovet-  P h! ind red  k i l c l i w a t t s  t o  p l o w e r  i t  arid r m r e  tt-1a.n t h e  
er1t. ir .e E : ~ A C ~  s t a t i m )  crew t o  clge:-at.e i t .  t-hwevet- , arr3.i y s i  :+ 
eqi-i.ipment N i l  1 b e  o p e r a t i n g  o n l y  when a n a l y s i s  is d o n e ,  a n d  
e x p e r  i m e n t a l  p a y 1  @ads w i  11 be dcrrmant  p a r t  o f  t h e  t j me becaii,c;r 
i ts  u s e r s  w i l l  b~ occ:crpied w i t h  i n - d e p t h  a n a i y s i s  a n d  p la .nr i i r tg  QF- 

r e d e s i  g n  of  f u r t h e r  i nve5 . t . i  q a t i  oris. 

W e  l o o k e d  i n t o  t h e  i n t e , q s i t y  of u s i n g  t y p i c a l  p a y l o a . d s  t h t - o i ~ g h  
s c e n a r i o  a n l a y s e s .  T h e s e  d e p i c t e d  r e s e a r c h  a n d  d e v r l o p m e ; . \ t a i  
p r o g r a m s  a n d  t h e i r  u n c e r t a i n t i e s .  -.is a f l o w  d i a g r a m  at 
o n e  cd t h e s e  s c e n a r i o s . .  Es..ch b l o c  :: r e p r e s e n t s  a SEI ' .~EE: .  of 
process  r u n s  or a n  a c t i v i t y  t h a t  m u s t  b e  c o m p l e t e d  b e f o r e  p r o c e s s  
r u n 5  c a n  r e s u m e .  E a c h  is  c h a r a c t e r i z e d  by a. ca1encla . r  t i m e  a n d ,  
w h e r e  a p p r o p r i a t e ,  b y  r e s u p p l y  r e q u i r e m e n t s .  B r a n c h e s  r e p r e s e n t  
u n c e r  t. ai n t i ee, , I' w h a t  -.i f 5 'I , wher E r el a t  i v e  succecs ar" f ai 1 LIT' e 
c a n n o t  b e  a c c u r a t e l y  p r e d i c t e d  and a f f e c t s  c o n t i n u a t i o n  of t h e  
i n v e s t i g a t i o n .  S c e n a r i o s  w e r e  p r o c e s s e d  b y  a. s i m p l e  pe ; - -muta . t ion-  
c o m b i n a t i o n  c o m p u t e r  r o u t i n e .  

R e s u l t s  f o r  t h e  s c e n a r i o  d e s c r i b e d  a b o v e  w e  shown i n  F ' i n u r e s  
a n d  d. The "S" s h a . p e  of t h e  total e l a p s e d  t i m e  c u r v e  i n d i c a t e s  
t r t h e  s c e n a r i o  i n c l u d e d  e n a c q h  b r a n c h e s  f o r  r e p r e s e n t a t i v e  
o v e r a l l  s t a t i s t i c s  ( i t  shows t h a t  t h e  j o i n t  d i s t r i b u t i o n  a p -  
praaches a. norma.1 d j . ~ t r i b i r t I o n ) .  T h e  t i m e  r e q u i r e d ,  i n  t h i s  
e .xample ,  t o  r e a c h  a. c o m m e r c i a l i z a t i o n  d e c i s i o n  i E .  w i t h i n  a. t y p -  
i c a l  i n v e s t m e n t  hcrv-izc!n. ThE key p Q i n t  fn!- Iabora.tary d e s i q n  1.5 

t h a t  t h e  l a b  p a y l o a d  is in.u..;e ab@ut 35% o f  t h f  t i r n E .  This w a s  
r e p t - e s c r i f a . t i  ve f o r  a1 1  IT scenar i c1c.j t . h e  r E.&.=.CII. t was u s ~ d  i r! r e-'. 
smit-ce ( p a w e r ,  e t c .  1 a n a l y s e s  d e s c r i b e d  b e i m .  A s;ecc?nc! i m -  
par ta . r . \ t -  f j. n d i  ng 1.5 t h a t  tt!e 1 at1 shoct l  d acccini;ricda,ke more pa.yl SZdS 
t h a n  t h e  a v a i  1 a b 1  e ~ r n w  c a n  o p e r a t e  5i mu1 t a n e o u s l  y b ~ r a u c . e  
pa .y lc :~a .ds  w i l l  b e  i n a . c t i v e  moe~ t  o-f t h e  t.ime. T ~ E ?  cos t  of t.i-sr.!z.- 
p m r t i n g  p a y l o a d s  u p  a n d  dawn is SCJ h i g h  t h a . t  i t  w i l l  t ! ~  
econcrmica l  for a ccrr=,tc!mer to p a y  =.pace stati DT) o c c u p a n c y  ctiat-gE:s 
d u r i n g  u s u a l  d o r m a n t  p e r i  ads. 

d 

T h f  space s t a t . i c ! n  p r a q r a m  F r e s e n t i y  inc l c idec -  3. niari--ti.;\r:dijd c!,c.,t i o n .  
T h i s  o p t i c n  is  i n v e s t i g a t e d  bot.h as a p t - i n c i p a i  o p t i c ; n ,  i .e. 
s c m e t h i n g  tc! exist f a t -  s e v e r a l  years, a n d  as A ~ I  j . n t e r . i m  opt-icr! ,  2. 
s t e p  i'n t h e  space s t a t i o n  buildi-1.p proces . ;  t o  exist. f o r -  ii f e ~ ;  
rnar i ths  up t u  p e r h a p s  3. y e a r .  I h e  man- - t ended  l a b  w o u l r i  t:ie 
o p e r a t e d  t - emGte ly  b y  a.c!toma.tion or t e l e o p e r a t i a n  except- d u r i n g  
shcJ . t - t l e  v i s i t . 5 ,  t y p i c a l l y  six pei- y e a r ,  w i t h  atnsi1.t seven d a y s .  uf 
p t - o d u s t i v e  c r e w  t i m e  ea .ch .  

-. 

WE - found t h a t .  process r u n s  c a n ,  i n  m o 5 t  c:ar-es, b e  r e a . d i l y  
a u t o m a t e d  ( a n d  w i l l  b e  a l s o  f o r  t h e  p e r m a n e n t l y  manned 1a.b t o  
c o n s e r v e  c r e w  t i m e )  hut t h a t  s u c h  t h i n g s  as s a m p l e  p r e p a . t - ' a t i o n  
a n d  e q u i p m e n t  c l e a n - u p  are b e y o n d  t h e  p l a n n e d  s ta te  o f  t h e  a r t  
f o r  r o b o t i c s  d u r i n g  t h e  e a r l y  s p a c e  s t a t ion  y e a r s .  T e l e u p e r a t i o n  
is a p o s s i b i l i t y ;  w e  d e v e l o p e d  c o n c e p t s  s u c h  a s  d e p i c t e d  i n  
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S i m i l a r i t y  among the four. U. 5. s p a c e  st.at ion m a d u l E ! E .  i@ne hs.b,  
one lab, a n d  t w o  l o g i s t i c s )  h a s  l e d  to a d e s i g n  f o r  a. comrnm-~ 
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